Unlike conventional liposomes, sterically stabilized liposomes, with their smaller volume of distribution and reduced clearance, preferentially convey encapsulated drugs into tumor sites. Despite these improvements, intracellular delivery is hampered by the stable drug retention of the liposomes, which diminishes the efficacy of the liposomal drug. To facilitate uptake of liposomal drugs into cells, two cell-penetrating peptides, penetratin (PEN) and TAT, derived from the HIV-1 TAT protein, were studied. In contrast to control peptides, both TAT and PEN enhanced the translocation efficiency of liposomes in proportion to the number of peptides attached to the liposomal surface. A peptide number of as few as five could enhance the intracellular delivery of liposomes. The kinetics of uptake was peptide-and cell-type dependent. Intracellular accumulation of TAT-liposomes increased with incubation time, but PEN-liposomes peaked at 1 h and then declined gradually. After treatment with 1 g/ml doxorubicin equivalents of liposome for 2 h, TAT increased the doxorubicin uptake of A431 cells by 12-fold. However, the improvement of uptake of liposomal doxorubicin was not reflected by cytotoxicity in vitro or tumor control in vivo. Our results demonstrated that merely adding CPP to a liposome encapsulating anticancer drug was inadequate in improving its antitumor activity. An additional approach to enhance the intracellular release of the encapsulated drug is obviously necessary.
peptide-and cell-type dependent. Intracellular accumulation of TAT-liposomes increased with incubation time, but PEN-liposomes peaked at 1 h and then declined gradually. After treatment with 1 g/ml doxorubicin equivalents of liposome for 2 h, TAT increased the doxorubicin uptake of A431 cells by 12-fold. However, the improvement of uptake of liposomal doxorubicin was not reflected by cytotoxicity in vitro or tumor control in vivo. Our results demonstrated that merely adding CPP to a liposome encapsulating anticancer drug was inadequate in improving its antitumor activity. An additional approach to enhance the intracellular release of the encapsulated drug is obviously necessary.
Liposomes of conventional formulations are rapidly removed from blood circulation by the reticuloendothelial system, thus preventing them from reaching their target sites. Recently, smaller liposomes with a more stable lipid composition and protection from the reticuloendothelial system by surface coating with polyethylene glycol (PEG) have been developed. They have a smaller volume of distribution and a reduced clearance rate (Allen and Hansen, 1991; Papahadjopoulos et al., 1991; Hong et al., 1999) . These sterically stabilized liposomes (second-generation liposomes) circulate for prolonged periods with stable retention of their contents, leading to passive preferential localization into the tumors (Gabizon and Papahadjopoulos, 1988; Papahadjopoulos et al., 1991) . Clinical trials of formulations of PEG-coated liposomal doxorubicin also demonstrated improved pharmacokinetic properties and reduced systemic toxicity (Uziely et al., 1995; Hong and Tseng, 2001) .
Despite this progress, sterically stabilized liposomal doxorubicin still shows little or no activity against many common cancers, including sarcoma, non-small-cell lung cancer, and hepatoma (Koukourakis et al., 1999; Chidiac et al., 2000; Halm et al., 2000) . Although sterically stabilized liposomes are able to traverse the endothelium and to extravasate into the extracellular spaces, after reaching tumor sites, the toughness of the lipid bilayer or presence of surface PEG seems to retard fusion or uptake of the liposomes (Parr et al., 1997; Hong et al., 1999; Ng et al., 2000) . A sterically stabilized liposome composed of lipid with a higher transition temperature has an even smaller volume of distribution and a longer ␤ half-life; paradoxically, however, it has lower clinical activity (Hong and Tseng, 2001) . To enhance the antitumor effect, further modification to facilitate uptake of liposomes into the target cells must be made.
Recently, several peptides, including penetratin (PEN; DNA binding domain of the Drosophila melanogaster transcription factor antennapedia) and the HIV trans-activating transcriptional activator (TAT) protein have been shown to translocate across the plasma membrane of eukaryocytes by a seemingly energy-independent pathway (Derossi et al., 1994; Vives et al., 1997) . These cell-penetrating peptides (CPPs) have been successfully used for the intracellular delivery of macromolecules with molecular weights several times greater than their own and other large particles in the submicron range (Fawell et al., 1994; Lewin et al., 2000; Torchilin et al., 2001) . CPPs, by interacting with charged phospholipids on the outer side of the cell membrane and destabilizing the bilayer, are capable of carrying hydrophilic compounds across the plasma membrane. This property may be useful in facilitating the intracellular delivery of liposomal drugs.
According to the currently accepted mechanism, cellular internalization of rigid and stable sterically stabilized liposomes can be greatly enhanced through the ligand-directed endocytosis pathway (Huang et al., 1983; Connor and Huang, 1985) . In this study, we examined a different path for direct translocation of liposomes into the cellular cytoplasm, bypassing the endocytotic pathway. We also explored the benefits of efficacy.
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-Ile-Leu-Phe-Ala-AspPro-Ala-Phe-Ser-Pro-Gln-Ser 210 -COOH. Labeling Peptides with Fluorescent Dyes. Aliquots of the purified peptides were first reacted with Ellman's reagents (Pierce, Rockford, IL) for sulfhydryl quantification to assess the availability of the sulfhydryl group. Briefly, 200 l of diluted Ellman's reagent solution (0.32 mg/ml of 0.1 M sodium phosphate, pH 8.0) for each well was added to a set of test wells, each containing 20 l of each standard or unknown, in 96-well microtiter plates. The microtiter plates were mixed and incubated at room temperature for 5 min, and then absorbance was measured at 405 nm with an MRX microplate reader (Dynex Technologies, Inc., Chantilly, VA). The values obtained from the standards were plotted to derive the standard curve and the experimental sample concentrations were determined. One milligram of TAT, PEN, PP, or PA peptides dissolved in phosphatebuffered saline (PBS) was reacted for 2 h in the dark at room temperature with two equivalents of fluorescein maleimide dissolved in dimethylformamide per sulfhydryl group of the peptide. Fluorescein-labeled peptides were purified by a G-10 column (Pharmacia, Uppsala, Sweden). These modified peptides were stored in small volume packages at Ϫ80°C in the dark until further use.
Conjugation of Peptides to PEG3400-DSPE. The synthesis of maleimido-PEG3400-DSPE has been described previously . Fluorescein-labeled PEN, TAT, or control peptides (PP and PA) were coupled to maleimido-PEG3400-DSPE at a 1:3 molar ratio via the unique free thiol group of cysteine residual in the N terminus of the purified peptide. Dried lipid film containing maleimido-PEG3400-DSPE was hydrated in HEPES-buffered saline (20 mM HEPES-Na, 144 mM NaCl, pH 7.2) and added immediately to the designated peptide with gentle agitation at room temperature. After 2 h of incubation, the reaction was completed and confirmed by quantitation of the remaining sulfhydryl group with Ellman's reagent. The unreacted maleimide group was blocked through incubation with cysteine (3 times the molar ratio to maleimide residues) for 10 min.
Preparation of Liposomes. Small unilamellar vesicles (size Ͻ100 nm) were prepared by a combination of standard methods of thin-film hydration and repeated extrusion as described previously . Briefly, liposomes composed of distearoyl phosphatidylcholine, cholesterol, and N- [-methoxypoly(oxyethylene) -(R)-carbonyl]-distearoylphosphatidylethanolamine (molar ratio 3:2: 0.06) were hydrated at 55°C in ammonium sulfate solution [250 mM (NH 4 ) 2 SO 4 , pH 5.0, 530 mOsM) and extruded through polycarbonate membrane filters (Costar, Cambridge, MA) of 0.1-and 0.05-m pore sizes using high-pressure extrusion equipment (Lipex Biomembranes, Vancouver, BC, Canada) at 60°C. Doxorubicin was encapsulated by a remote loading method at a concentration of 1 mg of doxorubicin per 10 mol of phospholipid. The final concentration of liposomes was estimated with a phosphate assay. After adding 1 ml of acidic isopropanol (81 mM HCl) to 0.2 ml of diluted drug-loaded liposomes, the amount of doxorubicin trapped inside the liposomes was determined with a spectrofluorometer (Hitachi F-4500; Hitachi, Ltd., Tokyo, Japan) using 470 nm as the excitation wavelength and 582 nm as the emission wavelength. Vesicle sizes were measured by dynamic laser scattering with a submicron particle analyzer (model N4ϩ; Beckman Coulter, Fullerton, CA). The prepared liposomes contained 110 to 130 g of doxorubicin per micromole of phospholipid and the particle sizes ranged from 65 to 75 nm in diameter. For encapsulation of HPTS, small unilamellar vesicles were prepared by reverse-phase evaporation. Egg phosphatidylcholine and cholesterol in a molar ratio of 2:1 were extruded repeatedly through polycarbonate membrane filters of pore sizes of 0.1 and 0.05 m sequentially. A solution of liposomes encapsulating 30 mM HPTS was prepared in distilled water (pH 6.0, adjusted to about 300 mOsM with 1 M NaCl).
Preparation of Peptidyl Liposomes Containing HPTS or Doxorubicin. Peptidyl-PEG3400-DSPE could be transferred to preformed liposomes after coincubation at temperatures above the transition temperature of the lipid bilayer Iden and Allen, 2001 ). To prepare liposomes conjugated with various numbers of peptides, the initial ratio of peptide-PEG3400-DSPE to liposome was varied. Based on a liposome size of 65 nm and an average area of 75 Å 2 per phospholipid molecule, there were 35,000 phospholipid molecules per vesicle . Aliquots of the peptide-PEG3400-DSPE micelles were incubated for 1 h with preformed liposomes at 37°C for liposome encap-
Cell-Penetrating Peptide-Mediated Liposome Uptake
sulating HPTS (L-HPTS) and at 60°C for liposomal doxorubicin (LD) followed by chromatography on Sepharose CL-4B columns (Pharmacia) and elution with 0.9% sodium chloride. Fractions of liposome and free doxorubicin (FD) or HPTS were collected. The amount of doxorubicin or HPTS still trapped inside or leaked outside the liposomes was determined with a spectrofluorometer as described above. This insertion method did not appreciably influence the integrality of the liposomes and there was no detectable leakage of entrapped HPTS and less than 5% leakage of doxorubicin. For determination of insertion efficiency, FITC-labeled peptide-PEG3400-DSPE was used in some preparations. The ratio of engrafted FITC-peptide-PEG3400-DSPE in the liposome fractions was assayed by gel electrophoresis. The same amounts of liposomes present before and after passing Sepharose CL-4B columns were suspended in a sample buffer (0.12 M Tris, pH 6.8, 2% SDS, 20% glycerol, and 10% ␤-mercaptoethanol) and then separated with 17.5% SDS-PAGE and viewed with UV light. The efficiency of insertion was found to be greater than 90% in each preparation.
Fluorescence Microscopy. Exponentially growing cells were dispersed with nonenzymatic cell dissociation medium (5 mM EDTA in PBS) or trypsin (Invitrogen). 5 ϫ 10 5 cells were plated on 60-mm plates (Corning Glassworks) and cultured overnight. Cells were washed with PBS, pH 7.4, and then treated with fluorescein-labeled peptide or a peptide-conjugated liposome at concentrations indicated in Fig. 6 and incubation time in a culture medium. Treatment was terminated by washing with ice-cold PBS three times followed by cells were incubated with FD, plain LD, or peptide-conjugated LD in 1 ml of growth medium containing 1 or 10 g doxorubicin for the indicated periods. Extraction of doxorubicin from PBS-washed cells was quantified by fluorometry as described above. The amounts of protein were determined by Bio-Rad protein assay. Cytotoxicity of TAT-Conjugated LD. Cytotoxicity of TAT peptide-conjugated LD was determined with MTT assay. Briefly, 5 ϫ 10 3 cells were seeded into each well of 96-well microtiter plates. After treatment, 20 l of MTT stock solution (5 mg/ml) per 200 l of medium was added into each well. After further incubation at 37°C for 4 h, the medium was carefully removed and any remaining formazan was dissolved in 200 l of DMSO. Then, 25 l of Sorensen's glycine buffer was added before measuring the absorbance at 570 nm by enzyme-linked immunosorbent assay.
Animal Tumor Model and Therapeutic Studies. Male BALB/c mice (17-20 g, 6-8 weeks old) were purchased from the Animal Center at the College of Medicine, National Taiwan University (Taipei, Taiwan). C26 cells (2 ϫ 10 5 ) were inoculated subcutaneously in the back near the right hind limb. Therapeutic experiments started 7 days after tumor implantation, when the tumor was established as a palpable mass (about 100-mm 3 ). Animals (groups of 10) were treated with lipid control, LD, or TAT-LD at a dose of 6 mg/kg of doxorubicin through the tail vein on days 7 and 14 after tumor implantation. The tumor size was measured and the survival time of each mouse was recorded. Tumor volume was determined by measuring orthogonal diameters of the tumor and calculated as 0.5 ϫ (a 2 ϫ b), where a was the smaller of two perpendicular diameters. Animal weights were also recorded at the time of tumor volume measurements as an indicator of drug toxicity. Efficacy of the treatment was assessed by the delay in tumor growth compared with the control group. The animal experiments were carried out in accordance with the Guide for the Care and Use of Laboratory Animals (Institute of Laboratory Animal Research, Commission on Life Sciences, National Research Council). The mice were sacrificed when the diameter of the tumor was greater than 2.5 cm, before the mice became too weak. rescence microscopy, but the uptake of PA and PP was indiscernible (data not shown). The uptake of peptides was quantitated with flow cytometry (Table 1 and Fig. 1, A and B) . Under the same concentration, more TAT accumulated within the cells than PEN, although there was some degree of variation in this preference among the cell lines studied.
Results
Translocation
Liposomes encapsulating HPTS attached to around 100 peptides were used to evaluate the ability of peptides to translocate liposomes across the bilayer. Compared with the untreated control, the fluorescence intensity of cells was not increased with the use of PA-or PP-liposomes at a concentration of 20 nmol of phospholipid of liposome and incubation of 3 h (Table 1 and Fig. 1, C and D) . In contrast, both PEN and TAT markedly increased the uptake of liposomes into A431 and HTB-9 cells. Similar to the findings in the studies of labeled peptides alone, TAT was more effective than PEN in transducing ability.
The Relationship between Peptide Number on the Liposomal Surface and Uptake Efficiency. To explore the relationship between peptide density and the efficiency of cellular uptake, a series of PEN-or TAT-coupled liposomes was prepared with the insertion method described above. A431 or HTB-9 cells were incubated with HPTS-loaded liposomes grafted with 5 to 200 TAT or PEN peptides per liposome for 2 h. Increasing the peptide number inserted on the liposome surface enhanced the cellular uptake of liposomes (Fig. 2) . A431 cells were more susceptible to intracellular delivery of peptide liposomes. For TAT, a number of as few as five was sufficient to induce significant translocation of liposomes into the cells ( Fig. 2A) and the efficiency seemed to be much higher in A431 than in HTB-9 cells. For HTB-9 cells, the plateau was reached at around 50 peptides, but for A431 cells, plateau might not have been reached at 100 peptides. In contrast to the TAT liposome, there was no noteworthy difference between A431 and HTB-9 in the uptake of PENcoupled liposomes (Fig. 2B) . One hundred peptide molecules per vesicle could achieve efficient delivery of liposomes into various cancer cells and this number was chosen for subsequent studies.
Cellular Transport Kinetics of TAT-and PEN-Liposomes. Kinetics of uptake of TAT-L-HPTS and PEN-L-HPTS was studied in HTB-9 cells. TAT-L-HPTS accumulated within cells in a time-dependent manner and the plateau of uptake was not reached after several hours. In contrast, accumulation of PEN-L-HPTS peaked at 5 min to 1 h and then the fluorescence intensity fell gradually after 1 h (Fig.  3) . Cell viability after 24 h of incubation was still good as assessed by phase-contrast microscopy and trypan-blue dye assay. There was no increase in PA-L-HPTS uptake up to 24 h of incubation (Fig. 3) .
Drug Accumulation and Cytotoxicity of Plain and TAT-Liposomal Doxorubicin in A431 Cells. After 2 h of incubation of 1 g/ml doxorubicin equivalents, the doxorubicin uptake of cells treated with plain LD was only one thirtyfourth (2.94%) of that treated with free drug (0.05 and 1.56 g/mg protein, respectively). TAT increased the amount of cellular associated doxorubicin by 12-fold (0.56 g/mg protein; Fig. 4A ). With a dosage of 10 g/ml doxorubicin equivalents and after being incubated for 2 h, the difference became smaller but the trend was the same (Fig. 4A) . Similar results were obtained in C26 and MCF7/ADR cells by measuring doxorubicin uptake with flow cytometry (Table 2) .
The effect of CPP on cytotoxicity was also assessed. A431 cells were exposed to doxorubicin preparations for 2, 24, or 72 h and the cell numbers were assessed with MTT assay after an incubation of 3 days (Fig. 4B) . Plain LD was minimally cytotoxic with a 2-hour exposure. Although TAT markedly increased the uptake of LD and the amount of doxorubicin delivered was near that of FD, the cytotoxicity was still similar to plain LD. After an exposure of 72 h, the IC 50 of FD was around 100 ng/ml and the IC 50 of plain or TAT-coupled LD was around 1 log higher than that of FD. In vivo study with a C26 syngeneic BALB/c tumor model was also performed. Groups treated with either LD or TAT-LD did not show differences in body weight change (data not shown) or tumor size (Fig. 5) .
Localization of TAT-Coupled Liposomal Doxorubicin. Cellular internalization and localization of FD, LD, and TAT-LD in A431 cells was compared directly under fluorescence microscopy (Fig. 6) . Free drug readily entered the cell and concentrated in the nucleus (Fig. 6B) . In contrast, almost no plain LD could be detected in the cells (Fig. 6D) . TAT-LD, compared with plain LD, had increased intracellular doxorubicin, but it was localized in the cytoplasm, preferentially in the perinuclear region (Fig. 6F) . There was no discernible nuclear stain of doxorubicin as was observed in the experiment of FD.
Discussion
The leaky microvasculature of tumors combined with the pharmacokinetic properties of a small distribution volume and a long circulation half-life lead to preferential accumulation and retention of liposomal drugs in tumor tissue compared with those in normal tissue (i.e., the beneficial enhanced permeability and retention effect). To have adequate circulation time, liposomal vesicles should be inert and hold the drug tightly.
Once in the tumors, liposomes are localized in the interstitium surrounding the tumor cells (Huang et al., 1992; Yuan et al., 1994) and not seen within tumor cells. To have a better therapeutic effect, the release of the drug from the liposomes should be as complete as possible. However, the accumulated liposomal drug at the tumor sites seems to release slowly because of the stability of the second-generation liposomal system. Cytotoxicity assays in vitro indicate that the IC 50 decreases by 1 order of magnitude and just counteracts the benefit of drug accumulation. In addition, an extracellularly released drug still cannot bypass the pumping-out activity of multiple drug-resistant transporters. This may partly explain why sterically stabilized liposomal doxorubicin shows little activity in solid tumors known to be refractory to most free drugs. Obviously, active translocation of liposome vesicles into cancer cells is needed to improve the efficacy of a stable liposome delivery system. Ligand-directed endocytosis, conferring some degree of specificity, is the usual process of liposome particle uptake by cells (Ahmad and Allen, 1992; Sarti et al., 1996; Gabizon et al., 1999; Maruyama et al., 1999; Tseng et al., 1999; Cerletti et al., 2000; Eliaz and Szoka, Jr., 2001) . However, the ligand-receptor approach depends on the differential expression of receptors between normal and tumor cells to confer selectivity and usually has a limited spectrum. In addition, commonly existing circulating receptors may compete with cell surface receptors for binding to the ligands.
CPPs may enhance the intracellular delivery of secondgeneration liposomal drugs, given that passive tumor selectivity is maintained. In this study, although we could not subtract the surface-binding portion because of the inherent methodological limitations of flow cytometry, we still demonstrated that two CPPs, TAT and PEN, could translocate liposomes into cells efficiently. The penetrating abilities of CPPs and CPP-coupled liposomes varied and were cell-type dependent. The mechanism of penetration of each CPP, although not thoroughly understood, is probably different. Based on nuclear magnetic resonance studies, penetratin binds negatively charged phospholipids or glycolipids and induces the formation of an inverted micelle, which should accommodate the peptide and its cargo in its hydrophilic cavity and release its contents into the cytoplasm (Derossi et al., 1996) . This cell-penetration model has been suggested to apply to TAT peptides, although without strong experimental evidence (Vives et al., 1997) . However, TAT uptake can be partially inhibited by lowering the temperature. Moreover, chloroquine, a lysosomotropic agent, protects TAT from degradation and in some cells stimulates its uptake, suggesting that internalization of TAT can occur by endocytosis (Frankel and Pabo, 1988) . By contrast, some cells show very little temperature dependence for TAT uptake (Mann and Frankel, 1991) , which suggests the existence of different and, perhaps, competing uptake mechanisms.
With good cell viability after treatment with PEN-L, the possibility of selection bias to make the difference in the uptake kinetics between PEN-and TAT-L-HPTS was excluded. The rapid decline after the initial peak of PEN-L-HPTS might be explained by a difference in the characteristics of peptides. In addition to the penetration pathway, TAT-F and TAT-L might be kept within cells through an endocytotic pathway or by other intracellular interactions after penetration. In contrast to TAT, PEN-F and PEN-L bound to the intercellular matrix extensively and displayed intense background staining under the fluorescence microscope. Without retaining mechanisms to keep the translocated liposomes, the equilibrium might favor extracellular relocation and the distribution would alter gradually. Although the in vitro data suggested that TAT-L might have advantages over PEN-L in intracellular drug delivery, this has to be validated, because the cellular microenvironment is quite different in vivo.
Although CPPs, especially TAT, markedly improved the intracellular delivery of liposomal drugs, the results of in vitro cytotoxicity assays (Fig. 4B) , and animal tumor model studies (Fig. 5) could not demonstrate the superiority of CPP-coupled liposomes over plain liposomes. The image study with fluorescence microscopy (Fig. 6 ) revealed that this approach was hampered by the very limited release of the free drug into the cytoplasm and nucleus. Besides, in vivo, CPPs might increase nonspecific interaction with cells of nontumor tissues. The advantageous enhanced permeability and retention effect of the long-circulating liposomal drugs probably would be decreased by CPPs.
The molecular mechanisms of the binding and internalization of liposomes are not fully understood. However, it is generally accepted that the majority of liposomes enter cells through endocytotic pathway. The possibility of endocytic uptake of liposome is supported by direct electron microscopic analysis (Straubinger et al., 1983; Park et al., 1995; Sarti et al., 1996; Ishida et al., 2001) . A pH-sensitive dye, HPTS, has been used to confirm and characterize liposomes encountering a low-pH environment in the lysosome (Daleke et al., 1990; Yoshimura et al., 1995; Tseng et al., 1999) . Doxorubicin, which is commonly loaded into liposomes in its membrane-impermeable (cationic) form using an acidic buffer, displays endocytosis-triggered unloading. When the extraliposomal [H ϩ ] increases 250-fold from pH 7.4 outside the cell to pH 5 inside the endosome, the ratio of doxorubicin inside to outside the liposome must decrease by a factor of 250. The collapse of the transliposomal pH gradient indirectly drives an efflux of the drug molecule from the liposome (Lee et al., 1998) .
Ligand-mediated liposomal targeting systems use receptor-mediated endocytosis and achieve higher therapeutic activity than plain liposomal drugs or even free drugs in some systems (Ahmad et al., 1993; Park et al., 1997; Tseng et al., 1999) . In addition to enhanced endocytosis, ligand-mediated targeting may improve the drug distribution in tumors. Histologic studies using colloidal-gold labeled HER2 immunoliposomes demonstrated efficient intracellular delivery in tumor cells, whereas nontargeted liposomes accumulated within stroma. In the MCF7 xenograft model lacking HER2-overexpression, no difference in tumor cell uptake was seen, with both immunoliposomes and nontargeted liposomes accumulating within stroma ). Besides, ligand-mediated endocytic pathways may have the advantage of bypassing multiple drug resistance mechanisms. Folate receptor-mediated cell uptake of targeted liposomal doxorubicin into a multidrug-resistant subline is unaffected by Pglycoprotein-mediated drug efflux, in sharp contrast to uptake of the FD (Goren et al., 2000) .
For liposomal drugs, intracellular translocation is only the first step of intracellular molecular targeting. Because the endocytotic pathway is bypassed, CPP-coupled liposomes have low unloading efficiency after internalization into cells. Strategies that can enable rapid release of contents from tissue-accumulated or cellular-internalized liposomes for molecular targeting must be developed. In combination with fusogenic peptide (Bongartz et al., 1994) or releasing agents to trigger intracellular drug release, CPP may still be able to improve the antitumor activity of liposomal drugs. In addition, many antibodies and their derivative immunoliposomes cannot be internalized (Goren et al., 1996) . CPPs, possibly in combination with fusogenic peptides (Cho et al., 2001; Hu et al., 2001) , might be able to increase the therapeutic value of these immunoliposomes (Maier et al., 1991; Di Lazzaro et al., 1994) . Although not successful for drug delivery in terms of cytotoxicity, CPPs could be helpful in liposomal delivery of oligonucleotides or DNA (Bongartz et al., 1994) , in which intracellular release may not be a key issue.
